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Particle-stabilised emulsions 

The invention relates to emulsions of the water-in-oil 
(W/0) or oil-in-water (0/W) type and the preparation 
5 thereof. 

Emulsions, either as water-in-oil (W/0) or oil-in-water 
(O/W) dispersions, are widely used as an application 
form for coating materials, such as, for example, 

10 water-based paints and finishes, as adhesives and 
sealants, such as, for example, aqueous epoxy or 
polyurethane systems, as cosmetic formulations, as 
cleansing agents and disinfectants, in the food 
industry, for the surface modification of solid or 

15 liquid substrates or as reaction media in emulsion 
polymerization . 

In general, the dispersing and stabilization of the 
disperse phase are effected with the aid of 

2 0 emulsifiers. Cationic, anionic, ampholytic and nonionic 

emulsifiers are used. Common to the emulsifiers is that 
they are surface-active substances. That is to say, 
they preferably accumulate at interfaces, such as, for 
example, liquid-liquid, liquid-solid or liquid-gas 
25 interfaces, and thus reduce the interf acial/surf ace 
energy. On application of the emulsion, however, the 
emulsifiers can also cover the surface of the substrate 
to be treated and thus greatly change the wetting 
properties of the surface. This can adversely affect, 

3 0 for example, the adhesion properties of a coating 

material or of an adhesive joint or seal. Furthermore, 
the recoatability may be adversely affected. In 
addition, emulsifiers based on organic molecules are 
potential hazardous substances when used in 
3 5 pharmaceutical or cosmetic formulations or in foods. 

In 1907, Pickering described for the first time the 
preparation of emulsions which were stabilized only by 
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addition of various solids, such as basic copper 
sulfates, basic iron sulfates or other metal salts. 
This type of emulsion is also referred to as "Pickering 
emulsions". Basic investigations showed that a 
5 characteristic of Pickering emulsions is that solid 
particles are arranged at the interface between the two 
liquid phases and form a barrier there to the 
coalescence of the disperse phase. 

10 Frequently, however, such solid-stabilized emulsions as 
described, for example, in EP 987008 have a high 
viscosity and/or a great tendency for separation, i.e. 
for creaming or sedimentation of the disperse phase. 

15 It was an object of the invention to overcome the 
disadvantages of the prior art, in particular to 
provide low-viscosity and sedimentation-stable 
emulsions having a small particle diameter of the 
disperse phase. 

20 

The object is achieved by the invention. 

The invention relates to emulsions of the water-in-oil 
(W/O) or oil-in-water (O/W) type, containing: 

25 

an oil phase (phase A) , containing one 
substantially water-insoluble component or 
optionally a plurality of substantially water- 
insoluble components , 
30 - a water phase (phase B) which may optionally 
contain further water-soluble components, such as 
salts or organic compounds, such as alcohols, 
carboxylic acids or other compounds, 

pyrogenic silica which is arranged at the oil- 
3 5 water interface and is partly silylated in a 

manner such that the content of non-silylated 
surface silanol groups on the silica surface is 
from not more than 95% to not less than 5% of the 
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starting silica, equivalent to from 1.7 to 
0.1 SiOH groups per nm 2 of silica surface, the 
dispersion fraction of the surface energy 
gamma-s-D is from 30 to 80 mJ/m 2 and the specific 
5 BET surface area has a value of from 3 0 to 

50.0 m 2 /g, 

and optionally further substances, such as 

pigments or preservatives, 
the emulsions having a mean particle size of the 
10 disperse phase, i.e. a mean drop diameter, measured by 
means of laser diffraction, of from 0.5 to 500 |im, 

the emulsions having a low viscosity, low viscosity 
meaning that the emulsions have relative viscosities Ti r 
in the range of from 1 to 10 6 , the relative viscosity 
15 being defined as the quotient rj re i = il/flo of the 
measured viscosity of the emulsion r|, measured at 25°C 
and a shear rate D = 10 s' 1 , divided by the viscosity of 
the pure homogeneous phase r|o, 

2 0 and the relative viscosity r| re i of the emulsion obeys 

the formula Ti re i = (1-O/0 . 74) " ( [T1] " 0 - 74> , O being the phase 
volume of the disperse phase and [T|] being a form 
factor which is in a range of from 2.5 to 100 for the 
emulsions according to the invention. 

25 

It was surprising and by no means to be foreseen by the 
person skilled in the art that low-viscosity and 
sedimentation-stable emulsions having a small particle 
diameter of the disperse phase are obtainable by using 

3 0 sinter-aggregated pyrogenic silica as a particulate 

emulsifier. This is surprising in that sinter- 
aggregated pyrogenic silica is usually used as a 
rheological additive for increasing the viscosity of 
liquid media. 

35 

Here, sinter aggregates are secondary structures 
according to DIN 53 2 06, which are permanent under shear 
conditions as usually occur on dispersing fillers in 
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liquid media, such as, for example, solvent-containing 
or solvent-free adhesives or coating materials, i.e. 
cannot be divided into their primary particles. This 
can be demonstrated, for example, from TEM images of 
5 hardened silica-binder dispersions which have only 
aggregate structures but no isolated primary particles. 

Particulate systems consisting of sinter aggregates are 
furthermore characterized in that the hydrodynamic 

10 equivalent diameter obtained in the particle size 
determination by means of quasielastic light scattering 
is at least a factor of 2 greater than the diameter of 
the primary particles obtainable computationally 
according to the formula a = 6 / Abet * d , where A B et is the 

15 specific BET surface area measured by means of nitrogen 
adsorption according to DIN 66131 and d is the density 
of the primary particles. 

Sinter-aggregated systems are furthermore characterized 
2 0 in that the fractal dimension df of the mass is 
preferably less than 2.7, where the fractal dimension 
df is defined as mass being proportional to the radius 
R to the power df . The fractal dimension of the mass 
can be determined, for example, by means of small angle 

2 5 X-ray or neutron scattering. 

The emulsions according to the invention are preferably 
substantially free of conventional liquid and solid, 
purely organic surface-active substances which are not 

3 0 particulate at room temperature and the pressure of the 

ambient atmosphere, such as nonionic, cationic and 
anionic emulsif iers . 

Here, non-particulate emulsif iers means not particles 
3 5 and colloids but molecules and polymers, following the 
definition of molecules, polymers, colloids and 
particles as given in "Dispersionen und Emulsionen 
[Dispersions and emulsions] " , G. Lagaly, O. Schulz, 




R. Zindel, Steinkopff, Darmstadt 1997, ISBN 3-7985- 
1087-3, page 14. In general, these organic emulsif iers 
have a size of less than 1 run, a molar mass of 
< 10 000 g/mol, a carbon content of > 50% by weight, 
5 determinable by elemental analysis, and a Mohs ' 
hardness of less than 1. 

At the same time, the emulsif iers, of which the 
emulsions according to the invention are preferably 

10 substantially free, generally have a solubility of more 
than 1% by weight in water at 2 0 2 C and the pressure of 
the ambient atmosphere, i.e. from 900 to 1100 hPa, in 
homogeneous or in micellar form. The emulsions 
according to the invention may contain such surface- 

15 active substances up to a maximum concentration of less 
than 0.1 times, preferably less than 0.01 times, 
particularly preferably less than 0.001 times, in 
particular less than 0.0001 times, the critical micelle 
concentration of these surface-active substances in the 

2 0 water phase; this corresponds to a concentration of 
these surface-active substances, based on the total 
weight of the emulsion according to the invention, of 
less than 10% by weight, preferably less than 2% by 
weight, particularly preferably less than 1% by weight, 

25 in particular 0% by weight. 

The emulsion according to the invention contains an oil 
phase (phase A) . Phase A contains one substantially 
water-insoluble component, optionally a plurality of 

30 substantially water-insoluble components. Here, 
substantially water-insoluble means that the solubility 
of the components in water alone or as a mixture is 
less than 10 g/100 g of water, preferably less than 
1 g/100 g of water, particularly preferably less than 

35 0.1 g/100 g of water, measured at 20°C and the pressure 
of the ambient atmosphere, i.e. from 9 00 to 1100 hPa. 
In the case of the emulsion according to the invention, 
the viscosity of phase A, measured at 20°C and a shear 
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gradient of 10 s" 1 , is from 0.1 to 1 000 000 mPa-s, 
preferably from 0.1 to 500 000 mPa-s, particularly 
preferably from 0.2 to 100 000 mPa-s. 

In the case of the emulsion according to the invention, 
the phase A can preferably contain a plurality of 
components . The individual components may be both 
substances which are liquid at 20°C and solids, the 
total mixture of the individual components having the 
abovementioned viscosity. Preferably, but not 
necessarily, a multicomponent phase A is a true 
solution, i.e. a homogeneous phase in which no further 
phase interfaces occur. 

Examples of substantially water-insoluble components as 
may be formed by the phase A of an emulsion according 
to the invention or may be present in it are aliphatic 
and aromatic hydrocarbons, alcohols, aldehydes, 
ketones, ethers, esters, amines, carboxylic acids and 
derivatives thereof, mercaptans, thioethers, oligomeric 
or polymeric compounds, such as polyolefins, such as 
polystyrenes, polypropylenes or polyethylenes , 

saturated or unsaturated polyesters, such as, for 
example, polycondensates of phthalic acids and 1,2- 
propanediols or polycocondensates of phthalic acids, 
1 , 2 -propanediols and maleic acids, optionally dissolved 
in reactive diluents, such as styrenes, polyethers, 
polyepoxides or monomeric or oligomeric precursors 
thereof, such as alkylene bisglycidyl ethers, such as 




bisphenol A-based diglycidyl ethers, such as 
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with n preferably from 0 to 10, particularly preferably 
from 0 to 5, 

epoxy novolac resins, such as those of the formula 




trifunctional epoxy compounds, such as 
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tetraf unctional epoxy compounds, such as 
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polyurethanes or monomeric or oligomeric precursors 
thereof, such as, for example, polyetherpolyols , 
5 polyacrylatepolyols , polyesterpolyols , polyf unctional 
isocyanates, such as hexane diisocyanate, toluene 
diisocyanate, diphenylme thane diisocyanate or 

isocyanates provided with blocking protective groups, 
such as hydroxyl amines or malonic ester derivatives, 

10 complex organic compounds, such as synthetic or natural 
pharmaceutical or cosmetic active substances, dyes, 
organo- element compounds, such as organosilicon 
compounds, such as organo (poly ) silanes , 

organo (poly) siloxanes , organo (poly) silazanes and 

15 organo (poly) silcarbanes , or transition metal compounds. 
Optionally, phase A may contain oil-wettable particles, 
such as pigments, fillers or rheological additives. 

The emulsion according to the invention furthermore 
2 0 contains an aqueous phase (phase B) . In addition to 
water, phase B may contain further components, such as, 
preferably, acids, bases, salts, water-soluble organic 
compounds, such as alcohols, carboxylic acids and 
derivatives thereof, amines or other organic compounds, 

2 5 polymeric or oligomeric compounds, such as polyols or 

polyamines or polyamidoamines , complex water-soluble 
organic compounds, such as synthetic or natural 
pharmaceutical or cosmetic active substances, dyes, 
organo-element compounds, such as water-soluble 

3 0 organosilicon compounds or water-soluble transition 

metal compounds. Optionally, phase B may contain water- 
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wettable particles, such as pigments, fillers or 
rheological additives . 

The emulsions according to the invention contain sinter 
5 aggregates of suitable pyrogenic silicas, which sinter 
aggregates are arranged at the oil-water interface. The 
sinter aggregates used according to the invention are 
sinter aggregates partly wettable with water, i.e. 
which are not completely wettable with water and not 
10 completely water-unwettable . 

The sinter aggregates used according to the invention 
are sinter aggregates which are solid at room 
temperature and the pressure of the ambient atmosphere, 
15 i.e. between 900 and 1100 hPa. 

The sinter aggregates used according to the invention 
preferably have a solubility in water, at pH 7.33 and 
an electrolyte background of 0.11 mol and a temperature 
20 of 37°C, of less than 0.1 g/1, particularly preferably 
of less than 0.05 g/1, at the pressure of the ambient 
atmosphere, i.e. between 9 00 and 1100 hPa. 

Preferably, the sinter aggregates used according to the 
25 invention have a mean hydrodynamic equivalent diameter 
D h of greater than 1 nm, preferably from 1 to 5000 nm, 
preferably from 10 to 1000 nm, particularly preferably 
from 100 to 600 nm, very particularly preferably from 
200 nm to 500 nm, especially selected from 210 nm to 
3 0 450 nm, measured in each case preferably by means of 
dynamic light scattering. 

This means that the collision radius R c of the sinter 
aggregates which is relevant for the formation of a 
35 particle layer in the oil-water interface is greater 
than 0.8 nm, preferably from 0.8 to 4000 nm, preferably 
from 8 to 850 nm, particularly preferably from 80 to 
500 nm, very particularly preferably from 170 nm to 
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375 run. The collision radius is the radius of the 
smallest sphere which just includes all constituents of 
an aggregate, the collision radius R c being obtained 
from the equation R c = [R h 2 /0.76 + 2.63 • R h 2 /d f ] 0 - 5 , as 
5 stated in R. de Rooij, A. A. Potanin, D. van den Ende, 
J. Mellema, J". Chem. Phys . 1993, 99, 9213, the 
hydrodynamic equivalent radius Rh being obtained from 
the hydrodynamic equivalent diameter divided by 2 and 
the fractal dimension of the mass d f having a value of 
10 1.8. 

The sinter aggregates used according to the invention 
are furthermore preferably characterized in that, in 
the particle size determination by means of 

15 quasielastic light scattering, the hydrodynamic 
equivalent diameter is at least a factor of 2, 
preferably a factor of from 5 to 50, particularly 
preferably a factor of from 7 to 25 , very particularly 
preferably a factor of from 7.5 to 16.5, based in each 

20 case on a specific surface area of 100 m 2 /g (the factor 
decreases or increases in a correspondingly linear 
manner in the case of a smaller or larger surface 
area) , greater than the primary particle diameter 
obtainable computationally according to the formula 

25 a = 6/A BE T*d, Abet being the specific BET surface area 
measured by means of nitrogen adsorption according to 
DIN 66131 and d being the density of the primary 
particles . 

3 0 The sinter aggregates used according to the invention 
preferably have a molar mass greater than 10 000 g/mol, 
particularly preferably a molar mass of from 50 000 to 
50 000 000 g/mol, in particular from 100 000 to 
10 000 000 g/mol, measured in each case preferably by 

3 5 means of static light scattering. 

The sinter aggregates used according to the invention 
preferably have a specific BET surface area of from 30 
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to 500 m 2 /g, particularly preferably from 80 to 
3 00 m 2 /g. The BET surface area is measured by known 
methods, preferably according to German Industrial 
Standard DIN 66131 and DIN 66132. 

5 

The sinter aggregates used according to the invention 
preferably have a carbon content of less than 
50 percent by weight. 

10 The sinter aggregates used according to the invention 
preferably have a Mohs ' hardness greater than 1, 
particularly preferably greater than 4 . 

The sinter aggregates preferably have a surface energy 
15 gamma of from 30 to 72.5 mJ/m 2 at a temperature of 25°C 
and the pressure of the ambient atmosphere, i.e. 
between 9 00 and 1100 hPa . 

The silica sinter aggregates used according to the 

2 0 invention preferably have a dispersion fraction of the 

surface energy gamma- s-D of from 3 0 to 8 0 mJ/m 2 , 
preferably from 3 5 to 7 0 mJ/m 2 , particularly preferably 
from 40 to 70 mJ/m 2 , at a temperature of 25°C and the 
pressure of the ambient atmosphere, i.e. between 900 

25 and 1100 hPa. The dispersion fraction of the surface 
energy gamma-s-D is measured, for example, according to 
" Inverse Gas Chromatography" - "Characterisation of 
Polymers and other Materials", 391 ACS Symposium 
Series, D R Lloyd, Th C Ward, H P Schreiber, Chapter 

30 18, pages 248-261, ACS, Washington DC, 1989, ISBN 0- 
8412-1610-X. 

The preferred starting silica, from which the silica 
used in the emulsions according to the invention and 

3 5 partly wet table with water can be prepared, can be 

prepared in any desired manner known per se, such as, 
for example, in a flame reaction from halogen-silicon 
compounds, for example from silicon tetrachloride, or 
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halogen-organosilicon compounds, such as 

methylchlorosilanes , such as methyl trichlorosilane , or 
hycirogenchlorosi lanes , such as hydrogentrichlorosilane, 
or other hydrogenmethylchlorosilanes , such as 
5 hydrogenmethyldichlorosilane, or alkylchlorosilanes , 
also as a mixture with hydrocarbons, or any desired 
sprayable and, preferably, volatilizable mixtures of 
organosilicon compounds, as mentioned, and 

hydrocarbons, it being possible for the flame to be a 
10 hydrogen- oxygen flame or a carbon monoxide -oxygen 
flame. The preparation of the silica can be effected 
alternatively with or without further addition of 
water, for example in the purification step; 
preferably, no water is added. 

15 

Preferably, partly hydrophobized, particularly 

preferably partly silylated, silica sinter aggregates 
are used as silica sinter aggregates for the 
preparation of the emulsions according to the 
2 0 invention. 

Here, partly silylated means that neither is the total 
silica surface unsilylated nor is the total silica 
surface silylated. 

25 

The degree of coverage x of the surface of the silica 
sinter aggregates with silylating agent radicals is 
preferably from 5 to 9 5%, particularly preferably from 
10 to 90%, in particular from 15% to 75%, based on the 
30 total particle surface. 

The coverage with silylating agent can be determined, 
for example, by means of elemental analysis, such as, 
for example, via the carbon content, or by 
35 determination of the residual content of reactive 
surface silanol groups of the silica sinter aggregates. 
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Partial silylation furthermore means that the content 
of non-silylated surface silanol groups on the silica 
surface is from not more than 9 5% to not less than 5%, 
particularly preferably from 90 to 10%, in particular 
5 from 85 to 25%, of the silanol groups of the starting 
silica. 

This means that the density of the surface silanol 
groups SiOH is preferably from not less than 0.1 to not 
10 more than 1.7, preferably from 0.2 to 1.6, particularly 
preferably from 0.45 to 1.55, SiOH per nm 2 of particle 
surface . 

For a starting silica of 200 m 2 /g of specific surface 
15 area, which can be used for the silylation, this 
preferably means not less than 0.03 mmol/g of SiOH and 
not more than 0.57 mmol/g of SiOH, preferably from 0.06 
to 0.54 mmol/g of SiOH, particularly preferably from 
0.15 to 0.51 mmol/g of SiOH; for a silica having a 
2 0 smaller or large surface area, this means linearly 
proportionally more or less surface silanol groups 
SiOH. 

The silicas used according to the invention have a 
25 carbon content of from 0.1 to 20% by weight, preferably 
from 0.1 to 15% by weight, particularly preferably from 
0.1 to 10% by weight. 

Processes for the partial hydrophobing or partial 
30 silylation of solid particles are already known. 

Preferably, the starting silica has a specific BET 
surface area of from 25 to 500 m 2 /g. The starting 
silica preferably has sinter aggregates (definition 
35 according to DIN 53206) in the range of diameters from 
200 to 1000 nm, the silica having agglomerates 
(definition according to DIN 53206) which are composed 
of sinter aggregates and, depending on the external 
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shear load (e.g. measuring conditions) , have sizes of 
from 1 to 500 |LLm. 

The starting silica preferably has a fractal dimension 
5 of the surface of preferably less than or equal to 2.3, 
the fractal dimension of the surface D s being defined 
here as: particle surface A is proportional to the 
particle radius R to the power of D s . Preferably, the 
starting silica has a density of accessible surface 
10 silanol groups SiOH, i.e. accessible to a chemical 
reaction, of preferably from 1.5 to 2.5 SiOH per nm 2 of 
specific surface area, particularly preferably from 1.6 
to 2 . 0 SiOH per nm 2 . 

15 For the preparation of the silica sinter aggregates 
used according to the invention, silicas prepared at 
high temperature (greater than 1000°C) can be used as 
starting silicas, pyrogenically prepared silicas being 
particularly preferred. It is possible to use 

20 hydrophilic silicas which are freshly prepared and 
obtained directly from the burner, have been 
temporarily stored or are already in commercial 
packaging. 

2 5 Uncompacted silicas having tamped or tapped densities 

of less than 60 g/1, but also compacted silicas having 
tamped or tapped densities greater than 6 0 g/1 can be 
used as starting silicas. 

30 Mixtures of different silicas can be used as starting 
silicas, for example mixtures of silicas of different 
BET surface area. 

For the silylation of silicas, organosilicon compounds, 

3 5 such as, for example, 

(i) organosilanes or organosilazanes of the formula 



R 1 d SiY 4 - d 



(I) 
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and/or partial hydrolysis products thereof, 
where 

R 1 may be identical or different and is a monovalent, 
5 optionally substituted, optionally mono- or 

polyunsaturated, optionally aromatic hydrocarbon 
radical having 1 to 24 carbon atoms which may be 
interrupted by oxygen atoms, 
d is 1, 2 or 3 and 

10 Y may be identical or different and is a halogen atom, 
monovalent Si-N-bonded nitrogen radical to which a 
further silyl radical may be bonded, -OR 2 , or -OC(0)OR 2 , 
where R 2 is a hydrogen atom or a monovalent, optionally 
substituted, optionally mono- or polyunsaturated 

15 hydrocarbon radical which may be interrupted by oxygen 
atoms , 
or 

(ii) linear, branched or cyclic organosiloxanes 
comprising units of the formula 

20 

R 3 e(OR 4 ) f SiO (4 -e-f)/2 (H> 

where 

R 3 may be identical or different and has one of the 

2 5 meanings stated above for R 1 , 

R 4 may be identical or different and has a meaning 
stated for R 3 , 
eisO, 1, 2 or 3 and 

f is 0, 1, 2 or 3 , with the proviso that the sum e+f is 
30 < 3, 
or 

mixtures of (i) and (ii) 
can preferably be used. 

3 5 The organosilicon compounds which may be used for the 

silylation of the silicas may be, for example, mixtures 
of silanes or silazanes of the formula (I), those 
comprising methylchlorosilanes on the one hand or 
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alkoxysilanes and optionally disilazanes on the other 
hand being preferred. 

Examples of R 1 in formula I are preferably the methyl, 
5 octyl, phenyl and vinyl radical, particularly 
preferably the methyl radical . 

Examples of R 2 are preferably the methyl, the ethyl, 
the propyl and the octyl radical, the methyl and the 
10 ethyl radical being preferred. 

Examples of organosilanes of the formula (I) are 
alkylchlorosilanes , such as methyltrichlorosilane, 
dimethyldichlorosilane, trimethylchlorosilane, 
15 octylmethyldichlorosilane, octyltrichlorosilane, 
octadecylmethyldichlorosilane and octadecyltrichloro- 
silane, 

methylmethoxysi lanes , such as methyl trimethoxysi lane, 
dimethyldimethoxysilane and trimethylmethoxysilane, 
20 me thylethoxysi lanes , such as methyltriethoxysilane, 
dimethyldiethoxysilane and trimethylethoxysilane, 
methylacetoxysilanes , such as methyl triacetoxysilane, 
dimethyldiacetoxysilane and trimethylacetoxysilane , 
phenyls ilanes , such as phenyl trichlorosilane, 

2 5 pheny lme thy 1 di chl or o s i 1 ane , phenyl dime thy 1 chl oros i 1 ane , 

phenyl trimethoxysi lane, phenylmethyldimethoxysilane, 
phenyl dime thy lme thoxy s i 1 ane , pheny 1 tri ethoxys i 1 ane , 

phenylmethyldiethoxysilane and phenyldimethyl e thoxy - 
silane, vinylsilanes , such as vinyltrichlorosilane, 

3 0 vinylmethyldichlorosilane, vinyldimethylchlorosilane, 

vinyl trimethoxysi lane, vinylmethyldimethoxysilane, 
vinyldimethylmethoxysilane, vinyl tri ethoxys i lane, 

vinylmethyldiethoxysilane and vinyldimethyle thoxy - 
silane, 

35 disilazanes, such as hexamethyldisilazane, divinyl- 
tetramethyldisilazane and bis (3 , 3- trif luoropropyl ) - 
tetramethyldisilazane, cyclosilazanes , such as octa- 
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methylcyclotetrasilazane, and silanols, such as 
trimethylsilanol * 

Methyl trichlorosi lane, dimethyldichlorosilane and tri- 
methylchlorosilane or hexamethyldisilazane are 
preferred. 



10 



15 



Examples of organosiloxanes of the formula (II) are 
linear or cyclic dialkylsiloxanes having an average 
number of dialkylsilyloxy units of more than 3 . The 
dialkylsiloxanes are preferably dimethyl s i loxanes . 
Particularly preferred are linear polydimethylsi loxanes 
having the following terminal groups: trimethylsilyl- 
oxy , dime thy lhydroxys i lyl oxy , 
me thyldi chl oros i ly loxy , 



me thyldime thoxys i lyloxy , 
methyldiethoxysilyloxy , 
methyldiacetoxysi lyloxy 
groups, in particular 



and 



dimethylchlorosi lyloxy, 
dime thylme thoxys i lyl oxy , 
dime thy 1 e thoxys i lyl oxy , 
dime thy 1 ace t oxy s i ly 1 oxy , 
dimethylhydroxysi lyloxy 



having trimethyl si lyloxy or 



2 0 dimethylhydroxysi lyloxy terminal groups 



Said polydimethylsiloxanes preferably have a viscosity 
at 25°C of from 2 to 100 mPa-s. 



2 5 Further examples of organosiloxanes are silicone 

resins, in particular those which contain methyl groups 
as alkyl groups, particularly preferably those which 
contain R 3 3 SiOi /2 and Si0 4 /2 units or those which contain 
R 3 Si0 3 /2 and optionally R 3 2 Si0 2 /2 units, R 3 having one of 

3 0 the abovementioned meanings. 



Said silicone resins comprising units of the formula 
(II) preferably have a viscosity at 25°C of from 500 to 
5000 mm 2 /s. 

Preferred silicone resins having a viscosity greater 
than 1000 mm 2 /s at 25°C are those which can be 
dissolved in a solvent which can be easily handled 
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technically, such as, preferably alcohols such as 
methanol, ethanol, isopropanol, ethers, such as diethyl 
ether, tetrahydrof uran, siloxanes, such as hexamethyl- 
disiloxane, alkanes , such as cyclohexane or n-octane, 
5 aromatics, such as toluene or xylene, in a 
concentration above 10% by weight and with a viscosity 
of the mixture of less than 1000 mm 2 /s at a temperature 
of 2 5°C and the pressure of the ambient atmosphere. 

10 Preferred among the solid organosiloxanes are those 
which dissolve in a solvent which can be easily handled 
technically (as defined above) in a concentration 
greater than 10% by weight and with a viscosity of the 
mixture of less than 1000 mm 2 /s at a temperature of 

15 25°C. 

The hydrophobing and silylation, which is preferably 
carried out for the preparation of the silica sinter 
aggregates used according to the invention, can be 

2 0 carried out as a batchwise reaction, i.e. by the batch 

process, or as a continuous reaction, the continuous 
reaction being preferred. 

The hydrophobing and silylation can be realized in one 
25 step or in 2 or 3 successive steps. This means that 
loading (physisorption of the silylating agent) can be 
effected upstream of the reaction and preferably a 
purification step can be effected downstream of the 
reaction. 3 successive steps are preferred: (1) loading 
30 - (2) reaction - (3) purification. 

The loading temperature is preferably from -3 0 to 
350°C, preferably from 20 to 120°C. 

3 5 The reaction temperatures preferably range from 0 to 

400°C, particularly preferably from 20 to 330°C. 

The reaction times are preferably from 1 minute to 24 
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hours, preferably from 3 0 minutes to 4 hours. 

The reaction pressure is preferably in the region of 
atmospheric pressure, i.e. between 900 and 1100 hPa . 
5 The purification temperature preferably ranges from 80 
to 400°C. 

Effective movement and thorough mixing of silica and 
silylating agent are necessary during steps (1) 

10 loading, (2) reaction and purification (3). This is 
preferably effected by mechanical or gas-borne 
f luidization. Gas-borne fluidization can be effected by 
all inert gases which do not lead to secondary 
reactions, degradation reactions, oxidation processes 

15 and flame and explosion phenomena. Here, the 
superficial gas velocity is from 0.05 to 5 cm/s, 
particularly preferably from 0.05 to 1 cm/s. Mechanical 
fluidization can be effected by means of paddle 
stirrers, anchor stirrers and other suitable stirring 

2 0 members. 

In a particularly preferred embodiment, only the amount 
of gas which is sufficient for maintaining an 
atmosphere with a low oxygen content, preferably less 
25 than 5% by volume, is fed in, and the fluidization is 
then effected purely mechanically. 

The reaction is preferably carried out in an atmosphere 
which does not lead to oxidation of the silylated 
30 silica, i.e. preferably less than 10% by volume of 
oxygen, particularly preferably less than 2.5% by 
volume, best results being obtained at less than 1% by 
volume of oxygen. 

35 Effective introduction of the silylating agent into the 
silica takes place. If the silylating agents are liquid 
compounds at the application temperature, effective 
spraying techniques are preferably used. Spraying in 
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unary nozzles under pressure (from 5 to 20 bar), 
spraying in binary nozzles under pressure (gas and 
liquid, from 2 to 20 bar) , very fine distribution using 
atomizers, etc. 

5 

The silylating agent is preferably added as a very 
finely divided aerosol, the aerosol having a settling 
rate of, preferably, from 0.1 to 2 0 cm/s and a drop 
size with an aerodynamic equivalent diameter of from 5 
10 to 25 |im. 

Alternatively, protic solvents can preferably be added, 
such as liquid or vaporizable alcohols or water; 
typical alcohols are isopropanol, ethanol and methanol. 
15 it is also possible to add mixtures of the abovemen- 
tioned protic solvents. Preferably, no protic solvents 
are added. 

Alternatively, acidic or basic catalysts can preferably 

2 0 be added. These catalysts may have a basic character in 

the sense of a Lewis base or a Bronsted base, such as 
ammonia, or acidic character, in the sense of a Lewis 
acid or a Bronsted acid, such as hydrogen chloride. If 
catalysts are used, traces are preferred, i.e. less 
25 than 1000 ppm. Particularly preferably, no catalysts 
are added. 

The purification step is characterized by movement, 
slow movement and slight mixing being preferred. 

30 

The purification step is furthermore characterized by 
increased introduction of gas, corresponding to a 
superficial gas velocity of from 0.001 to 10 cm/s. 

3 5 In addition, the purification step may comprise mixing 

by means of mechanical stirring members. The stirring 
members are adjusted and moved so that preferably 
mixing and fluidization but not complete vortexing 
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occur . 

Methods from mechanical compaction, such as, for 
example, press rolls, ball mills, edge mills, screw 
5 compactors and briquetters, can be used during the 
silylation step. 

In addition, processes for the deagglomeration of the 
silica, such as pin-disk mills or apparatuses for 

10 milling classification, and/or methods for mechanical 
compaction of the silica, such as, for example, press 
rolls, or compaction by sucking out the air or gas 
content by suitable vacuum methods, or other methods 
for mechanical compaction, such as, for example, press 

15 rolls, ball mills, edge mills, screw compactors and 
briquetters, can be used before, during or after the 
silylation step. 

The preparation of the silica sinter aggregates 

2 0 according to the invention can also be effected in situ 

in the preparation of the emulsions according to the 
invention. 

The emulsions according to the invention contain silica 
25 sinter aggregates in amounts of, preferably, from 0.1 
to 50 parts by weight, particularly preferably from 1 
to 15 parts by weight, in particular from 2 to 10 parts 
by weight, based on 100 parts by weight of total 
emulsion . 

30 

In the case of the emulsions according to the 
invention, the volume fraction O 0 of the oil phase, 
defined as O 0 = volume of oil phase/ (volume of oil 
phase + volume of water phase) , can preferably be from 

3 5 0.1 to 0.9, preferably from 0.2 to 0.8, particularly 

preferably from 0.3 to 0.7, in particular from 0.4 to 
0.6. 
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In the case of the emulsions according to the 
invention, the volume fraction <I> W of the water phase, 
defined as <& w = volume of water phase/ (volume of oil 
phase + volume of water phase) , can preferably be from 
5 0.1 to 0.9, preferably from 0.2 to 0.8, particularly 
preferably from 0.3 to 0.7, in particular from 0.4 to 
0.6. 

The emulsions according to the invention are charac- 
10 terized in particular in that the mean particle size of 
the disperse phase, i.e. the mean drop diameter, 
measured by means of laser diffraction, for example on 
a laser diffraction apparatus from Sympatec by the cell 
measuring technique, is preferably from 0 . 5 |Um to 
15 500 |Lim, preferably from 0.7 jam to 100 |im, particularly 
preferably from 0 . 7 jam to 50 |nm and very particularly 
preferably from 0.7 Jim to 10 |Um. 

The sinter aggregate-stabilized emulsions according to 
2 0 the invention are characterized in particular in that 
they have a low viscosity. Here, low viscosity means 
that the emulsions according to the invention have 
relative viscosities r\ r in the range of from 1 to 10 6 , 
preferably from 1 to 5-10 5 , particularly preferably 
25 less than 10 5 . The relative viscosity is defined as the 
quotient ri re i = Ti/r|o of the measured viscosity of 
emulsion T|, measured at 25 °C using a cone-and-plate 
system with a measuring gap of 105 Jim and a shear rate 
D = 10 s" 1 , divided by the viscosity of the pure 
30 homogeneous phase r| 0/ measured at 25°C. 

The sinter aggregate-stabilized emulsions according to 
the invention are furthermore characterized in that the 
relative viscosity r| r ei of the emulsion obeys the 
35 formula r| re i = ( 1-O/0 . 74" ( [n] *°' 74) . Here, O is the phase 
volume of the disperse phase and [r\] is a form factor 
which is in a range of from 2.5 to 100, preferably from 
2.5 to 50 and very particularly preferably from 2.5 to 
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10 for the emulsions according to the invention. 

The particle-stabilized emulsions according to the 
invention are distinguished in particular by the fact 
5 that they are substantially stable to separation of the 
disperse phase, i.e. substantially stable to creaming 
or sedimentation of the disperse phase. Here, 
substantially stable to separation means that the 
volume of the phase depleted in dispersion is less than 
10 10% of the total volume, preferably less than 5% of the 
total volume, particularly preferably less than 1% of 
the total volume. 

The emulsion stability was investigated by means of the 
15 stability analyzer described below. 

The invention furthermore relates to a stability 
analyzer, said stability analyzer having a flat-bed 
scanner having a sample holder for holding measuring 
2 0 cells perpendicularly to the scanner lamp, a tilted 
mirror which deflects the light of the scanner 
laterally onto the measuring cells, and an evaluation 
apparatus for evaluating the light received. 

2 5 Round glass cells having an external diameter of 

12.5 mm and a height of 50 mm are arranged in a row on 
a flat-bed scanner (e.g. HPScanJet 3300C from Hewlett- 
Packard) . The cells are secured by a thermostatable 
sample holder (fig. 1) to prevent them from slipping. 

30 

See figure 1: Thermostatable sample holder 

The samples are aligned on the flat-bed scanner 
parallel to the longitudinal side of the scanner, i.e. 

3 5 perpendicular to the scanner lamp (see figure 2). 

See figure 2: Design of the stability analyzer 
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Each sample holder contains up to 12 samples, and all 
together 24 samples per measuring process can be 
investigated simultaneously. Image generation will be 
effected by a procedure in which the light of the 
5 scanner lamp is deflected laterally onto the measuring 
cells by a tilted mirror. At the same time, the 
emulsion is transilluminated through the bottom of the 
cell (thick arrows in fig. 2). The scattered light 
produced by the emulsion (dashed arrows in fig. 2) is 

10 then deflected back by the mirror to the sensor of the 
flat-bed scanner. The light path can be adjusted by 
adjusting screws (not shown for the sake of clarity) . 
For protecting the scanner from contamination and the 
samples from heat due to the scanner lamp, a 2 mm thick 

15 plexiglass screen is also present on the scanner 
window. 



The light received is digitized by the scanner and 
stored on a computer in the form of, preferably, a 
20 bitmap file having 256 gray steps. For determining the 
gray steps, i.e. the scatter light intensity, at a 
height h from the bottom of the cell, the light 
intensities of 60 pixels of a row are averaged 

according to the formula I av (h) = /60 . I av (h) 

2 5 corresponds to the gray step at the height h from the 
bottom of the cell. In the case of a flat-bed scanner 
with 600 dpi, the total scattered light intensity 
distribution, as shown, for example in figure 2, 
comprising 980 rows of 60 pixels each is obtained. 



30 



The measuring and evaluation process for 2 4 sample 
cells takes less than 2 min, i.e. less than 5 s per 
cell . 



35 



Evaluation is now effected by plotting the measured 
scattered light intensity as a function of the height 
measured from the bottom of the cell. Measurements at 
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defined distances are carried for evaluating the 
stability of an emulsion. A plot of Al(z,t) = I(z,t) - 
l(z,0), where I(z,t) is the scattered light intensity 
at the height z at time t and l(z,0) is the scattered 
5 light intensity at the height z at the time 0, gives 
the change in the scattered light intensity with time. 
A positive change means a higher concentration of 
scattering particles and therefore indicates separation 
of the emulsion; analogously, a decrease in the 
10 scattered light intensity in a certain volume element 
as a function of time is a depletion of particles 
capable of scattering in this element. 

Figures 3 and 4 illustrate this by way of example for 
15 an unstable emulsion. 

A further subject is a process for the preparation of 
the emulsions, a highly concentrated finely divided 
dispersion of the corresponding silica in the liquid 

20 which forms the homogenous phase in the emulsion being 
prepared in a first step, and a highly viscous 
preemulsion which comprises the total amount of the 
disperse phase and the highly concentrated finely 
divided dispersion of the silica, prepared in the first 

25 step, in the liquid which forms the homogeneous phase 
in the emulsion according to the invention being 
prepared in a second step, the volume of dispersion 
used being such that the total amount of sinter- 
aggregated silica required is present, and the 

3 0 remaining homogeneous phase being slowly being metered 
in in a third step. 

An emulsif ication process in which a state of high 
viscosity, referred to below as "stiff phase", is 
35 passed through during emulsif ication proved to be 
important for achieving the above-described properties 
of the emulsions according to the invention. 
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Specifically, the process for the preparation of the 
emulsions according to the invention comprises the 
following individual steps: 

5 - Preparation of a highly concentrated finely 
divided dispersion of the corresponding suitable 
silica in the liquid which forms the homogeneous 
phase in the emulsion according to the invention. 
Preparation of highly viscous preemulsion 

10 consisting of the highly concentrated finely 

divided dispersion of the corresponding suitable 
silica in the liquid which forms the homogeneous 
phase in the emulsion according to the invention, 
the volume used being such that the total amount 

15 of the required sinter-aggregated silica is 

present, and the total amount of the dispersed 
phase 

slow metering in of the remaining homogeneous 
phase with shearing. 

20 

The preparation of the highly concentrated finely 
disperse dispersion of the corresponding suitable 
silica in the liquid which forms the homogeneous phase 
in the emulsion according to the invention can in 

25 principle be effected according to the known processes 
for the preparation of silica dispersions, such as 
incorporation by means of stirring members with high 
shear effect, such as high-speed stirrers, high-speed 
dissolvers, rotor-stator systems, ultrasonic dispersers 

30 or ball or bead mills. 

The concentration of the silica sinter aggregates in 
the dispersion is between 1 and 80% by weight, 
preferably between 10 and 60% by weight, particularly 
3 5 preferably between 10 and 40% by weight and very 
particularly preferably between 12 and 30% by weight. 

The preparation of the highly viscous preemulsion can 
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be effected in principle according to the known 
processes for the preparation of emulsions, but it has 
been found that the processes described below are 
particularly suitable for obtaining the emulsions 
5 according to the invention. 

Process 1 : 

Initially introducing the highly concentrated 
silica dispersion described above, the initially 

10 introduced volume being such that it contains the 

total amount of silica sinter aggregates required. 
Slowly metering in the total volume of disperse 
phase with continuous homogenization, for example 
by means of a high-speed stirrer, high-speed 

15 dissolver or a rotor-stator system. 

Then slowly metering in the desired remaining 
volume of pure homogeneous phase, optionally with 
continuous homogenization, for example by means of 
a high-speed stirrer, high-speed dissolver or a 

20 rotor-stator system. 

Process 2 : 

Initially introducing the total volume of disperse 
phase . 

2 5 - Slowly metering in the highly concentrated silica 

dispersion described above with continuous 
homogenization, for example by means of a high- 
speed stirrer, high-speed dissolver or a rotor- 
stator system, the volume metered in being such 

3 0 that it contains the total amount of silica sinter 

aggregates required . 

Then slowly metering in the desired remaining 
volume of pure homogeneous phase, optionally with 
continuous homogenization, for example by means of 
35 a high-speed stirrer, high-speed dissolver or a 

rotor-stator system. 

The processes described can be carried out both in 
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continuous and in batchwise form. The continuous form 
is preferred. 

The temperature of the liquid phase during the 
5 emulsif ication process is between 0°C and 80°C / 
preferably between 10°C and 50°C, particularly 
preferably between 2 0°C and 40°C. 

The emulsif ication process can be carried out at 
10 atmospheric pressure, i.e. at from 900 to 1100 hPa, at 
elevated pressure or in vacuo. The process at atmos- 
pheric pressure is preferred. 

The emulsions according to the invention can be used 
15 for all purposes for which emulsions are already used 
to date. These are in particular water-based coating 
materials, adhesives and sealants, containing, for 
example, organosilicon compounds, such as 

organo (poly) silanes , organo (poly) siloxanes , 

2 0 organo (poly) silazanes and organo (poly) silcarbanes ; 
polyolefins, such as silyl- terminated polyisobutylenes 
(for example, obtainable under the brand Epion from 
Kaneka Corp., Japan); saturated or unsaturated 
polyesters, such as, for example, polycondensates of 

2 5 phthalic acids and 1 , 2 -propanediols or 

polycocondensates of phthalic acids, 1 , 2 -propanediols 
and maleic acids, optionally dissolved in reactive 
diluents, such as styrenes; polyurethanes , polyols, 
such as hydroxyl -containing polyesters, hydroxyl- 

3 0 containing polyethers , methyldimethoxysilylpropyl- 

terminated polypropylene glycols (for example, 
obtainable as "MS polymers" from Kaneka Corp., Japan), 
hydroxyl -containing polyacrylates ; polyisocyanates , 
such as aliphatic and aromatic polyisocyanates, 
3 5 isocyanate- terminated polyurethane prepolymers, 

prepared by reacting polyols with polyisocyanates in 
excess, and the silyl- terminated derivatives thereof 
(for example, obtainable under the name DESMOSEAL® from 
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Bayer AG, Germany) ; polyurethanes or precursors 
thereof, such as, for example, polyetherpolyols , poly- 
acrylatepolyols , polyesterpolyols , polyf unctional iso- 
cyanates, such as hexane diisocyanate, toluene diiso- 
5 cyanate, diphenylmethane diisocyanate or isocyanates 
provided with blocking protective groups, such as 
hydroxylamines or malonic ester derivatives; (poly) - 
epoxy compounds, such as bisphenol A-based epoxides, 
monomeric, oligomeric and polymeric compounds 

10 containing glycidyloxy functions, such as diglycidyl 
ethers based on bisphenol A, epoxy novolac raw 
materials and resins, epoxyalkyd resins, epoxy- 
acrylates, aliphatic epoxides, such as linear alkylene 
bisglycidyl ethers, and cycloaliphatic glycidyl ethers, 

15 such a,s 3 , 4-epoxycyclohexyl 3 , 4-epoxycyclohexanecar- 
boxylates, and aromatic epoxides, such as triglycidyl 
ethers of p-aminophenol and triglycidyl ethers of 
me thylenedi aniline; (poly ) amines , such as cyclic and 
linear amines, such as hexamethylenediamine, aromatic 

20 amines, such as 4 , 4 ■ methylenebis ( 2 , 6-diethylaniline) , 
bis (2-aminoalkyl)polyalkylene oxide, such as 

bis ( 2 -aminopropyl) polypropylene glycol, and Jef famines, 
(poly) amidoamines , (poly) mercaptans , (poly) carboxylic 
acid, (poly) carboxylic anhydrides; acrylates and esters 

2 5 thereof, such as glycidyl acrylates, alkyl acrylates 
and esters thereof, methacrylates and esters thereof, 
polysulf ide-f orming polymers and polysulf ides , such as 
thioplasts (for example, obtainable under the brand 
Thiokol from Toray Thiokol Co. Ltd.) . 



Examples of epoxy compounds are alkylene bisglycidyl 
ethers , such as 



30 




35 
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bisphenol A-based diglycidyl ethers, such as 



CH 2 -CH-CH 2 ->0- 



CHj 
I 



0-CH 2 -<pH-CH 2 -0- 
OH 



H 3 



CH, 



0-CH 2 -CH-CH 2 



5 with n preferably from 0 to 10, particularly preferably 
from 0 to 5 . 



10 



Examples of epoxy novolac resins are those of the 
formula 



0-CH 2 -CH-CH 2 0-CH 2 -CH-CH 2 0-CH 2 -CH-CH 2 



-CH 2 - 



bifunctional epoxy compounds, such as 




15 



and trif unctional epoxy compounds, such as 
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tetraf unctional epoxy compounds, such as 
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Furthermore, the emulsions according to the invention 
can be used for cosmetic and pharmaceutical applica- 
tions, cleaning and cleansing agents or applications 

10 for changing the interfacial properties of solid and 
liquid substrates, such as, for example, water 
repellents, adhesion promoters, release agents, paper 
coatings or foam control agents. Furthermore, the emul- 
sions according to the invention can be used for the 

15 preparation of w/o/w or o/w/o multiple emulsions, for 
example as control release systems or for the segrega- 
tion of reactive substances . 



The emulsions according to the invention have the 
2 0 advantage that they are substantially stable to separa- 
tion, i.e. substantially stable to creaming or sedi- 
mentation of the disperse phase. 



The emulsions according to the invention furthermore 
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have the advantage that they have low shear viscosities 
and thus permit easy application. 

Example 1 : 

5 

Preparation of solid particles 

100 g of a pyrogenic silica having a specific BET 
surface area, according to DIN 66131 and DIN 66132, of 
2 00 m 2 /g (obtainable from Wacker-Chemie GmbH, Munich, 
10 Germany, under the name Wacker HDK® N2 0) are fluidized 
with stirring (at 1000 rpm with a stirring blade 
diameter of 12.5 cm) and then treated and blanketed for 
15 minutes with nitrogen gas, and the nitrogen stream 
is then switched off again. Thereafter, 2 g of 
15 dimethyldichlorosilane are sprayed by means of a binary 
nozzle as an aerosol into the fluidized silica, at a 
temperature of about 2 5°C and an ambient pressure of 
about 1013 hPa. After stirring for a further 3 0 
minutes, the silica thus treated is then heated for 2 
20 hours at 300°C in an oven having a capacity of 100 1, 
under a gentle stream of 1000 1/h of nitrogen. 
A white pulverulent silica having the following proper- 
ties is obtained: 

The silica has limited but not complete wettabi- 
25 lity with water; this is evident from the fact 

that only 16% by weight of the silica can be 
incorporated into water using Ultraturrax to give 
a flowable material stable for one day; however, 
24% by weight of the starting silica (HDK® N20), 
3 0 which is completely wet table with water, can be 

incorporated under the same conditions and at the 
same viscosity. 

Further properties of the silica are summarized in 
Table 1 

35 
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Table 1: 



Property 


Silica Bl 
according to 
Example 1 


BET surface area 


184 m 2 /g 


Residual content of non-silylated 
silica silanol groups 


80% 


Carbon content %C 


0.5% by weight 


Methanol nunnber 


0 


Contact angle THETA 

Method 1 against water and air 


84° 


Contact angle THETA 

Method 2 against water and air 


of 80° 


Surface energy GAMMA 


6 9 mJ/m 2 


Dispersion fraction of surface energy 
GAMMA- s-D 


6 5 mJ/m 2 



Specific BET surface area, measured to DIN 66131 
and DIN 66132 

Residual content of non-silylated silica silanol 
groups, obtained as quotient (a) of the amount of 
silica silanol group of the silica prepared as 
mentioned above, divided by the amount of silica 
silanol groups of the untreated starting silica 
(Wacker HDK® N2 0) ; the amount of silica silanol 
groups is determined by acid-base titration 
(analogous to G.W. Sears, Anal. Chem. 28 (12), 
(1950), 1981). Method: acid-base titration of the 
silica suspended in water/methanol = 50:50; 
titration in the range above the pH range of the 
isoelectric point and below the pH range of the 
dissolution of the silica; untreated silica 
comprising 100% of SiOH (silica surface silanol 
groups): SiOH-phil = 1.8 SiOH/nm 2 ; silylated 
silica: SiOH-silyl; residual content of non- 
silylated silica silanol groups; %SiOH = SiOH- 
silyl/SiOH-phil ■ 100% 



10 



15 
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carbon content %C determined by means of elemental 
analysis for carbon; combustion of the sample at 
above 1000°C in an 0 2 stream, detection and 
quantification of the resulting C0 2 using IR; LECO 
244 apparatus 

Methanol number, measured as follows: test (% by 
volume of MeOH in water) of the wettability with 
water-methanol mixtures = methanol number (MN) : 
shaking of an equal volume of silica with an equal 
volume of water-methanol mixture; start with 0% of 
methanol; if no wetting occurs, silica floats; a 
mixture with a 5% by volume higher MeOH content 
should be used; on wetting, silica sinks: portion 
of MeOH (%) in water gives the methanol number 
(MN) 

Contact angle THETA method 1 against water, 
measured as follows: the contact angle of the 
particles is obtained by careful preparation, by 
conventional methods, of a pellet of the silica 
and subsequent determination of the contact angle 
against water, in this case a deposited water drop 
comprising bidistilled water in air, by digital 
image evaluation. 

The contact angle 6 defines the ratio of the 
surface tensions and surface energies y of liquids 
(1) and solids (s) in a gas space (g) as follows: 
cos 0 = (y (si) - y (sg))/Y (lg) 

The surface energy (mJ/m 2 ) of a solid is dimen- 
sionally identical to the surface tension of a 
liquid (mN/m) , since [J] = [N-m] . 

Contact angle THETA method 2 against water, 
measured as by means of an imbibition method using 
the Lucas -Washburn equation, based on the aspira- 
tion of a known and defined liquid, with a known 
surface tension, into a defined heap, in this case 
a slightly compacted pellet of the silica having 
an open porosity greater than 0.25 and a pore 
radius r. The aspiration rate dh/dt and the height 
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of the aspirated liquid column h are calculated 
from the mass absorption m of liquid by the 
particle heap as a function of the time t, and the 
viscosity of the aspirated liquid Ti and the 
5 surface tension y of the aspirated liquid make it 

possible, in the case of a known particle radius 
r, to calculate the cosine value of 9 (cos (0) ) 
and hence the contact angle 0 of the liquid 
against the particle surface by means of the 
10 equation according to Lucas -Washburn (Washburn, 

E.W., Phys. Rev. 17, 273 (1921) and R. Lucas, 
Kolloid s. 23, 15 (1918)); following J. Schoelkopf 
et al., J. Colloid. Interf . Sci . 227, 119-131 
(2000) . 

15 Methanol -water mixtures having mixing ratios 

(volume of methanol to volume of water) are 0:100, 
5:95, 10:90, 15:85, 20:80, 25:75, 30:70, 35:65, 
40:60, 45:55, 50:50, 55:45, 60:40, 65:35, 70:30, 
75:25, 80:20, 85:15, 90:10, 95:5, 100:0 are used 

2 0 as liquid having a known surface tension. 

dh/dt = r • y • cos (0)/(4 • r|) 
and 

h 2 = r - y • t • cos (0) / (2 • T|) 

25 

t = A • m 2 Washburn equation 



with t: time 

m: mass of the aspirated liquid 

30 

A ^ 

{c- p 2 • ^ cos e\ 



r\: viscosity of the liquid 

p: density of the liquid 

35 Y : surface tension of the liquid 

0: contact angle of liquid-powder 



C: factor, only dependent on the 

geometrical properties of the 
powder and of the sample tube 

An illustration of the method of measurement is to 
be found in figure 5 . 

The surface energy GAMMA can be determined for 
particles as critical surface energy GAMMA-crit. 
by means of a Zisman plot which, as shown in 
figure 6, plots the respective contact angle THETA 
of the silica against a defined liquid, as 
determined above by the imbibition method, against 
the contact angle of the respective liquids . 

However, for particles such as pyrogenic silica 
which form agglomerates having bulk densities d S D 
<< 1 g/ml but consist of primary particles having 
material densities dMD > 1 g/ml, shaking into 
liquids of different surface tension can be used 
as a method: when wetting does not take place, the 
particle agglomerates float; in case of wetting, 
the air in the agglomerates is displaced and the 
particle agglomerates sink. 

By using different liquids and different surface 
tension, the surface tension of a liquid at which 
the particle agglomerates sink can be exactly 
determined; this gives the critical surface energy 
Ycrit as a measure of the surface energy y of the 
particles . 

The method can also be simplified in such a way 
that the surface tension of water (72.5 mN/m) is 
reduced by addition of methanol, ethanol or 
isopropanol . 

Typically, water can be initially introduced, a 
certain amount of particle agglomerates laid 
(floating) on the water surface and the alcohol 
then added by titration, with stirring. The water- 
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to-alcohol ratio on sinking of the particle 
agglomerates is noted and the surface tension is 
determined for this water : alcohol ratio exactly in 
a separate experiment using standard methods (ring 
5 detachment method, Wilhelmy method) . 

More effectively, and as carried out here, defined 
mixtures of water with methanol are prepared, and 
the surface tensions of these mixtures are then 
determined. In a separate experiment, these 

10 water : methanol mixtures are covered with a layer 

of defined amounts of particle agglomerates (for 
example in a volume ratio of 1:1) and shaken under 
defined conditions (for example, gentle shaking 
with the hand or using a tumble mixer for about 1 

15 minute) . 

The water : methanol mixture in which the particle 
agglomerates just fail to sink and the 
water : methanol mixture having a higher methanol 
content, in which the particle agglomerates just 

2 0 sink, are determined. The surface tension of the 

latter methanol : water mixture gives the critical 
surface energy y cr it as a measure of the surface 
energy y of the particles, as shown in Table 1. 

25 - The dispersion fraction of the surface energy 
gamma-s-D is determined by using inverse gas 
chromatography and alkanes as probes, in line with 
"Inverse Gaschromatographie [Inverse gas 

chromatography] " - "Characterisation of Polymers 

30 and other Materials", 391 ACS Symposium Series, 

D R Lloyd, Th C Ward, H P Schreiber, Chapter 18, 
pages 248-261, ACS, Washington DC 1989, ISBN 0- 
8412-1610-X. 



3 5 16 g of the partly hydrophobic silica described above 
are predispersed in 84 g of demineralized water in a 
500 ml stainless steel beaker by means of a dissolver 
having a toothed disk. The highly viscous but still 



- 38 - 

flowable material obtained is pumped through an 
ultrasonic cell at a flow rate of 10 ml per minute and 
with an amplitude power of 300 watt. The analytical 
data of the dispersion thus obtained are summarized in 
5 Table 2 . 



Table 2 : 



Property 


Aqueous dispersion from 
Example 1 


Solids content 


16.1% 


PH 


5.3 


Mean diameter 


302 nm 


Sinter aggregates 




Viscosity 


240 mPas 



Solids content of the dispersion determined by the 
following method: 10 g of aqueous dispersion are 
mixed with the same amount of ethanol in a 
porcelain dish and evaporated to constant weight 
in an N 2 - flushed drying oven at 150 °C. The mass m s 
of the dry residue gives the solids content 
according to solids content/% = m s • 100/10 g. 
pH measured by means of a pH combination electrode 
mean diameter of the sinter aggregates measured by 
means of photocorrelation spectroscopy by the 
following method: 4 samples of the dispersion to 
be measured which have a silica content of 1% by 
weight, 0.75% by weight, 0.5% by weight and 0.25% 
by weight are prepared in demineralized water by 
stirring in the appropriate amount of starting 
dispersion by means of a magnetic stirrer. The 
samples are measured in a PCS apparatus Coulter N4 
Plus from Coulter at detection angles of 30.1°, 
62.6° and 90°. The mean diameter of the sinter 
aggregates is obtained by extrapolating the angle- 
dependent measured values obtained to a silica 



10 



15 



20 



25 
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content of 0% by weight and then averaging over 
the three measured angles. 

Viscosity of the dispersion was determined using a 
rheometer MCR 600 from Haake with a cone-and-plate 
5 sensor system (105 |im measuring gap) at 25°C and a 

shear rate D = 10 s" 1 . 

7 8 g of the above-described silica dispersion having a 
solids content of 16% by weight are initially 

10 introduced into a 500 ml stainless steel beaker. 150 g 
of a polydimethylsiloxane having a viscosity of 
100 mPas (obtainable under the name "AKIOO" from 
Wacker-Chemie GmbH, Munich, Germany) are slowly metered 
in over a period of 15 min with stirring at 10 000 rpm 

15 using an Ultraturrax and while cooling with water. The 
temperature of the mixture should not exceed 60°C. 86 g 
of demineralized water are then slowly added over a 
period of 15 min, likewise at 10 000 rpm, to this now 
highly viscous stable material. The temperature of the 

20 mixture should not exceed 60°C. A low-viscosity white 
O/W emulsion results, the analytical data of which are 
summarized in Table 3 . 

Example 2 : 

25 

78 g of silica dispersion according to Example 1 are 
initially introduced into a 500 ml stainless steel 
beaker. While stirring at 10 000 rpm using an 
Ultraturrax and while cooling with water, 150 g of 

3 0 methyl nonanoate are metered in slowly over a period of 
15 min. The temperature of the mixture should not 
exceed 60°C. 86 g of demineralized water are then 
slowly added over a period of 15 min, likewise at 
10 000 rpm, to this now highly viscous stable material. 

35 The temperature of the mixture should not exceed 60°C. 
A low-viscosity white O/W emulsion results, the 
analytical data of which are summarized in Table 3 . 
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Example 3 : 

150 g of an OH- terminated polydimethylsiloxane having a 
viscosity of 1000 mPas (obtainable under the name 
5 "OH 1000" from Wacker-Chemie GmbH, Munich, Germany) are 
initially introduced into a 500 ml stainless steel 
beaker. While stirring at 10 000 rpm using an 
Ultraturrax and while cooling with water, 7 8 g of 
silica dispersion according to Example 1 are slowly 

10 metered in over a period of 15 min. The temperature of 
the mixture should not exceed 60°C. 86 g of 
demineralized water are then slowly added over a period 
of 15 min, likewise at 10 000 rpm, to this now highly 
viscous stable material. The temperature of the mixture 

15 should not exceed 60°C. A low-viscosity white O/W 
emulsion results, the analytical data of which are 
summarized in Table 3. 

Example 4 : 

2 0 

78 g of silica dispersion according to Example 1 are 
initially introduced into a 500 ml stainless steel 
beaker. While stirring at 10 000 rpm using an 
Ultraturrax and while cooling with water, 150 g of a 
25 solution of 125 g of the epoxy resin Epikote 828 in 
25 g of xylene are metered in slowly over a period of 
15 min. The temperature of the mixture should not 
exceed 60°C. 86 g of demineralized water are then 
slowly added over a period of 15 min, likewise at 

3 0 10 000 rpm, to this now highly viscous stable material. 

The temperature of the mixture should not exceed 60°C. 
A low-viscosity white O/W emulsion results, the 
analytical data of which are summarized in Table 3 . 

3 5 Example 5: 

5 g of partly hydrophobic silica having a degree of 
hydrophobing of 50% and a carbon content of 1.1% 
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(obtainable under the name "Wacker HDK H20" from 
Wacker-Chemie GmbH, Munich, Germany) are stirred into 
85 g of isododecane in a 500 ml stainless steel beaker 
by means of a dissolver having a toothed disk, and 
5 dispersing is then effected for 10 min at 10 000 rpm. 
12 0 g of demineralized water are slowly metered over a 
period of 15 min into this now highly viscous 
dispersion with stirring at 10 000 rpm using an 
Ultraturrax and while cooling with water. The 

10 temperature of the mixture should not exceed 60°C. 95 g 
of isododecane are then slowly added over a period of 
15 min to the resulting stable material at 1000 rpm. 
The temperature of the mixture should not exceed 60°C. 
A low-viscosity white W/0 emulsion results, the 

15 analytical data of which are summarized in Table 3. 

Example 6 

94 g of the silica dispersion from Example 1, having a 
solids content of 16% by weight, are initially 

20 introduced into a 500 ml stainless steel beaker. 180 g 
of a polydimethylsiloxane having a viscosity of 
100 mPas (obtainable under the name "AK100" from 
Wacker-Chemie GmbH, Munich, Germany) are slowly metered 
in over a period of 15 min with stirring at 10 000 rpm 

25 using an Ultraturrax and while cooling with water. The 
temperature of the mixture should not exceed 60°C. 41 g 
of demineralized water are then slowly added over a 
period of 15 min, likewise at 10 000 rpm, to this now 
highly viscous stable material. The temperature of the 

3 0 mixture should not exceed 60°C. A low-viscosity white 
O/W emulsion results, the analytical data of which are 
summarized in Table 3. 
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Table 3: 





Example 
1 


Example 
2 


Example 
3 


Example 
4 


Example 
5 


Example 
6 


Type 


0/W 


O/W 


O/W 


O/W 


W/O 


O/W 


Tlrel 


148 


127 


320 


273 


150 


27 


[Tl] 


6.0 


5.8 


6.9 


6.7 


8.7 


5.7 


d 50 /Mm 


7 . 67 


4.76 


10. 9 


3 .82 


3 .50 


6 .42 


o w /o 0 


50/50 


50/50 


50/50 


50/50 


40/60 


40/60 


V S ep/% 


< 1 


< 1 


< 1 


< 1 


about 5 


about 8 
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Patent claims 

Particle-stabilised emulsions 

An emulsion of the water-in-oil (W/0) or oil-in- 
water (0/W) type, containing: 

an oil phase (phase A) , containing one 
substantially water-insoluble component or 
optionally a plurality of substantially water- 
insoluble components , 

a water phase (phase B) which may optionally 
contain further water-soluble components, such 
as salts or organic compounds, such as 
alcohols, carboxylic acids or other compounds, 
pyrogenic silica which is arranged at the oil- 
water interface and is partly silylated in a 
manner such that the content of non-silylated 
surface silanol groups on the silica surface is 
from not more than 95% to not less than 5% of 
the starting silica, equivalent to from 1.7 to 
0.1 SiOH groups per rim 2 of silica surface, the 
dispersion fraction of the surface energy 
gamma-s-D is from 3 0 to 80 mJ/m 2 and the 
specific BET surface area has a value of from 
30 to 500 m 2 /g, 

and optionally further substances, such as 

pigments or preservatives, 
the emulsions having a mean particle size of the 
disperse phase, i.e. a mean drop diameter, of from 
0 . 5 |im to 500 |xm, the emulsions having a low 
viscosity, low viscosity meaning that the emul- 
sions have relative viscosities r| r in the range of 
from 1 to 10 6 , the relative viscosity being 
defined as the quotient T| re i = Tj/T|o of the measured 
viscosity of the emulsion T|, measured at 25°C and 
a shear rate D = 10 s" 1 , divided by the viscosity 
of the pure homogeneous phase r\ 0 , 
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and the relative viscosity r| rel of the emulsion 
obeys the formula T| re i = (1-O/0 . 74) " <[T1] *°' 74) , <D being 
the phase volume of the disperse phase and [r|] 
being a form factor which is in a range of from 
2.5 to 100 for the emulsions according to the 
invention . 

The emulsion as claimed in claim 1 , characterized 
in that it is stable to separation of the disperse 
phase, i.e. it is stable to creaming or sedimenta- 
tion of the disperse phase, stable to separation 
meaning that the volume of the phase depleted in 
dispersion is less than 10% of the total volume. 

A process for the preparation of the emulsion as 
claimed in either of claims 1 and 2, characterized 
in that a highly concentrated finely divided 
dispersion of the corresponding silica in the 
liquid which forms the homogeneous phase in the 
emulsion is prepared in a first step, and a highly 
viscous preemulsion which comprises the total 
amount of the disperse phase and the highly 
concentrated finely divided dispersion of the 
silica, prepared in the first step, in the liquid 
which forms the homogeneous phase in the emulsion 
according to the invention is prepared in a second 
step, the volume of dispersion used being such 
that the total amount of the silica required is 
present, and the remaining homogeneous phase being 
slowly metered in in a third step. 

The use of the emulsion as claimed in claim 1 or 2 
as coating materials, adhesives and sealants, 
emulsions for cosmetic and pharmaceutical applica- 
tions, cleaning and cleansing agents or applica- 
tions for changing the interfacial properties of 
solid and liquid substrates, such as water 
repellents, adhesion promoters, release agents, 



paper coatings or foam control agents and for the 
preparation of W/O/W or 0/W/O multiple emulsions 
as control release systems or for the segregation 
of inert and reactive substances. 

A coating material, adhesive or sealant which 
contains an emulsion as claimed in claim 1 or 2 . 

A cleaning or cleansing agent which contains an 
emulsion as claimed in claim 1 or 2 . 

A water repellent, adhesion promoter, release 
agent, paper coating or foam control agent which 
contains an emulsion as claimed in claim 1 or 2 . 

A W/O/W or 0/W/O multiple emulsion which contains 
an emulsion as claimed in claim 1 or 2 . 

A stability analyzer, characterized in that it 
comprises a flat-bed scanner having a sample 
holder for holding measuring cells perpendicularly 
to the scanner lamp, a tilted mirror which 
deflects the light of the scanner lamp laterally 
onto the measuring cells, and an evaluation 
apparatus for evaluating the light received. 
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Thermostating liquid 
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